Background {#S0001}
==========

Humans get vitamin D from exposure to sunlight, from their diet, and from dietary supplements.[@CIT0001] Growing scientific evidence has implicated vitamin D deficiency is very common.[@CIT0002]--[@CIT0004] The classical role of vitamin D is about bone health. Vitamin D maintains bone health and prevents fall and fracture. Vitamin D also has a potential role in the prevention of nonskeletal disorders such as auto-immune disease, cancer, mental health problems, and cardiovascular disease.[@CIT0005]--[@CIT0008] Vitamin D deficiency was more common in diabetics compared with controls.[@CIT0009] Vitamin D deficiency was associated with the macrovascular complications, microvascular complications, and peripheral neuropathy in type 2 diabetes.[@CIT0010]--[@CIT0013]

The hypertriglyceridemic-waist (HTW) phenotype is represented by the simultaneous presence of elevated serum triglyceride (TG) and increased waist circumference (WC) and was used as a screening tool to identify coronary artery disease.[@CIT0014] In a meta-analysis, HTW phenotype was very common and pooled prevalence has reached an alarming level (19%).[@CIT0015] HTW phenotype was also associated with abnormal glucose metabolism. In subjects without diabetes, HTW phenotype has more serious insulin resistance status and predicts the incidence of diabetes in the future.[@CIT0016]--[@CIT0018] In diabetes, HTW phenotype has inappropriate blood glucose control, worse cardiovascular risk factor, and diabetic chronic complications, such as coronary artery disease and early diabetic nephropathy.[@CIT0019]--[@CIT0021] Recently, Rashidbeygi et al, found that vitamin D deficiency was also strongly associated with the risk of HTW phenotype in apparently healthy adults.[@CIT0022] The aim of our study was to determine the relationship between HTW phenotype and vitamin D status in type 2 diabetes.

Methods {#S0002}
=======

Subjects {#S0002-S2001}
--------

After obtaining informed consent from subjects with type 2 diabetes a cross-sectional study was conducted. All subjects were recruited from the First Hospital of Qinhuangdao. All subjects were men and women over 18 years of age, with a diagnosis of type 2 diabetes (based on the American Diabetes Association diagnostic criteria).[@CIT0023] The exclusion criteria included the following: 1) subjects with type 1 diabetes, 2) subjects with clinical evidence of other endocrinopathy, such as Cushing's syndrome, hyperthyroidism, et al, 3) subjects were taking medications known to affect lipid metabolism, such as glucocorticoids, fibrates, and statin, 4) subjects were taking vitamin D, 5) subjects with renal dysfunction (Estimate glomerular filtration rate (eGFR) less than 60 ml\*min^−1^\*1.73 m^−2^) or hepatic dysfunction(alanine aminotransferase (ALT) \>100U/L), 6) pregnancy, and 7) subjects with acute and chronic inflammation. This study was approved by the ethics committee of the First Hospital of Qinhuangdao. All subjects provided written informed consent before study initiation. This study was conducted in accordance with the Declaration of Helsinki.

Measurements {#S0002-S2002}
------------

Anthropometric measurements, including height, weight, and WC were obtained while the subjects were in light clothing and barefoot. Height and weight were measured to the nearest 0.1 cm and 0.1 kg, respectively. WC was accurately measured at the level of midway between the lowest rib and the top of the iliac crest. All measurements were taken twice, and the two measurements were averaged for analysis. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m^2^). Blood pressure was measured three times with a mercury sphygmomanometer while the subjects were seated after 10 mins of rest. Sociodemographic variables were collected and included: age, sex, duration of diabetes, family history of diabetes (FHD, defined as mothers, fathers, offsprings or siblings with type 2 diabetes), hypertension (subjects with history of hypertension or SBP and/or DBP ≥140/90 mmHg for three screenings), smoking and drinking status.

After a 10 hrs overnight fast, blood samples were collected from an antecubital vein into heparinized tubes. Fasting plasma glucose (FPG) concentration was measured using the glucose oxidase method, and serum lipid levels, as well as renal and hepatic function, were measured using enzymatic assays with an autoanalyzer (Hitachi, Tokyo, Japan). Glycosylated hemoglobin A1C (HbA1c) was measured by high-performance liquid chromatography. Serum 25-hydroxyvitamin D \[25(OH)D\] was measured using enzyme-linked immunosorbent assay (ELISA) kits produced by UK IDS Company. eGFR =175× creatinine (Cr, mg/dL)^−1.234^× age(year)^−0.179^(×0.79 if female).[@CIT0024]

Definition {#S0002-S2003}
----------

The HTW phenotype was defined as serum TG concentrations ≥1.7 mmol/L and WC ≥90 cm (male) and 85 cm (female).[@CIT0025] Subjects were categorized into four phenotype groups on the basis of the mentioned cutoffs: normal WC (\<90 cm for male and \<85 cm for female) and normal serum TG concentrations (\<1.7 mmol/L); enlarged WC (≥90 cm for male and ≥85 cm for female) and normal serum TG concentrations (\<1.7 mmol/L); normal WC (\<90 cm for male and \<85 cm for female) and elevated serum TG concentrations (≥1.7 mmol/L); and enlarged WC (≥90 cm for male and ≥85 cm for female) and elevated serum TG concentrations (≥1.7 mmol/L).

Vitamin D status {#S0002-S2004}
----------------

The nutritional status of VitD was assessed by circulating levels of 25(OH)D, vitamin D deficiency \<50 nmol/L, vitamin D insufficiency 50--74.9 nmol/L, and vitamin D sufficiency ≥75nmol/L.[@CIT0026]

Statistical analyses {#S0002-S2005}
--------------------

All analyses were performed using the SPSS 11.5 statistical software (SPSS 11.5 for Windows; SPSS, Inc., Chicago, IL). Numerical variables were reported as mean ± standard deviation. Comparisons were conducted between groups using the ANOVA. Comparison of prevalence data was performed by *X*^2^ analysis. Multiple logistic regression models were used for modeling relationships between HTW phenotype and vitamin D status. *P*\<0.05 was considered statistically significant.

Declarations {#S0003}
============

Ethics approval and consent to participate: This study was approved by the ethics committee of the First Hospital of Qinhuangdao. Written informed consent was obtained from all subjects/patients.

Results {#S0004}
=======

This study enrolled 338 type 2 diabetics (190 males and 148 females), age 54.0±12.2 years, duration of diabetes 7.4±6.4 years. Among these subjects, 36.4% were characterized by the HTW phenotype. The prevalence of HTW phenotype was similar between males and females (males 37.4% vs females 35.1%, *X*^2^=0.179*，P*=0.672). The prevalence of HTW phenotype was higher in subjects with hypertension than subjects without hypertension (42.3% vs 31.7%, *X*^2^=3.995*，P*=0.046). Characteristics of subgroups classified on the basis of WC and TG levels are presented in [Table 1](#T0001){ref-type="table"}. The age, duration of diabetes, FHD, smoking, and drinking between the four groups were similar (*P*\>0.05). The level of BMI was significantly higher in group D than in group A and group C (*P*\<0.05). The level of FPG was significantly higher in group D than in group A and group B (*P*\<0.05). The level of HDL-C was significantly lower in group D than in groups A, B, and C (*P*\<0.05). The level of ALT was significantly higher in group D than in group A and group B (*P*\<0.05). The level of 25(OH)D was significantly lower in group D than in groups A, B, and C (*P*\<0.05). The levels of SBP, DBP, HbA1c, Cr, and eGFR between the four groups were similar (*P*\>0.05).Table 1Characteristics of subjects with type 2 diabetes by phenotypes of serum triglyceride concentration and waist circumferenceVariablesGroup A (n=73)Group B (n=105)Group C (n=37)Group D (n=123)*F* or *χ*^2^*P*Sex (males/females)45/2848/5726/1171/528.6610.034Age (year)54.3±12.555.9±12.054.5±11.152.0±12.31.9470.122Duration of diabetes (year)7.2±6.78.6±6.66.5±5.66.6±6.41.9300.125FHD \[n(%)\]40 (54.8)59 (56.2)20 (54.1)53 (43.1)4.7690.190Hypertension \[n(%)\]22 (30.1)49 (46.7)15 (40.5)63 (51.2)8.7740.032Smoking \[n(%)\]26 (35.6)27 (25.7)12 (32.4)44 (35.8)3.1300.372Drinking \[n(%)\]19 (26.0)32 (30.5)13 (35.1)43 (35.0)1.9640.580BMI (kg/m^2^)23.0±2.727.2±2.9a24.7±5.1ab27.7±3.5ac34.2670.000WC (cm)81.4±4.796.9±7.8a83.2±4.6b98.7±10.0ac100.2710.000SBP (mmHg)123.7±13.2129.1±15.5125.2±13.4128.6±15.62.5320.057DBP (mmHg)79.0±8.180.8±9.580.3±7.182.6±9.32.5710.054FPG (mmol/L)8.9±4.28.8±3.49.5±2.910.9±4.4ab6.6250.000HbA1c(%)8.7±2.48.3±1.88.1±1.78.8±1.92.1450.094TG (mmol/L)1.0±0.31.2±0.33.5±3.3ab3.7±2.8ab44.4540.000HDL-C (mmol/L)1.2±0.31.1±0.2a1.1±0.3a0.9±0.3abc14.7050.000ALT (U/L)20.1±10.723.7±17.528.6±19.1a29.1±18.6ab5.1090.002Cr (umol/L)57.6±13.356.3±13.458.3±13.058.6±14.40.5220.667eGFR(ml\*min^−1^\*1.73 m^−2^)143.7±45.7141.1±42.2142.5±37.4140.5±39.90.1040.95825(OH)D (nmol/L)48.1±19.347.3±12.746.1±17.640.2±13.5abc4.8250.003[^1]

Among these subjects, 23.9% were characterized by the vitamin D insufficiency and 70.4% were characterized by the vitamin D deficiency. Multivariate-adjusted odds ratios (ORs) \[and 95% confidence intervals (CIs)\] for HTW phenotype across different vitamin D status are shown in [Table 2](#T0002){ref-type="table"}. The prevalence of HTW phenotype was 10.5%, 27.2%, and 41.6% in type 2 diabetes with vitamin D sufficiency, vitamin D insufficiency, and vitamin D deficiency, respectively. When HTW phenotype was considered as the dependent variables in a multiple logistic regression analysis with sex, age, duration of diabetes, FHD, hypertension, smoking, drinking, BMI, FPG, HbA1c, HDL-C, ALT, eGFR and vitamin D status as independent variables, subjects with vitamin D deficiency were more likely to have HTW phenotype \[OR=6.222, 95%CI: 1.307--29.620, *P*=0.022\] compared with subjects with vitamin D sufficiency.Table 2Prevalence of hypertriglyceridemic-waist phenotype across vitamin D statusVitamin D status*n*(%)Model 1Model 2OR (95%CI)*P*OR (95%CI)*P*Sufficiency (n=19)2 (10.5)11Insufficiency (n=81)22 (27.2)3.169 (0.676--14.856)0.1434.310(0.848--21.898)0.078Deficiency (n=238)99 (41.6)6.054 (1.368--26.799)0.0186.222(1.307--29.620)0.022[^2]

Discussion {#S0005}
==========

Our study shows that the prevalence of HTW phenotype in type 2 diabetes was 36.4%, which is similar to the previous study.[@CIT0027] In the present study, the risk of HTW phenotype increased with the decline of vitamin D nutritional status. It has been observed that almost two-fifths of individuals in vitamin D deficiency had HTW phenotype. Nevertheless, the prevalence of HTW phenotype was only about one-tenth of people with sufficient vitamin D.

HTW phenotype was proposed by Lemieux I et al, in Canada and defined as serum TG concentrations ≥2.0 mmol/L and WC ≥90 cm (male).[@CIT0014] In our study, HTW phenotype was defined as serum TG concentrations ≥1.7 mmol/L and WC ≥90 cm (male) and 85 cm (female).[@CIT0025] The diagnostic criteria were based on the definition of metabolic syndrome proposed by the Chinese Diabetes Society. The diagnostic criteria were race specific and were epidemiological evidence based. The optimal cutoff of WC for abdominal obesity is 90 cm for men and 85 cm for women in Chinese.[@CIT0028] Chinese adults with TG ≥1.7 mmol/L is associated with a substantially higher risk for first cardiovascular disease.[@CIT0029] In another cohort study, subjects were categorized into three groups according to TG levels: \<1.70 mmol/L, 1.70--2.25 mmol/L, and ≥2.26 mmol/L. The risk of diabetes has elevated in subjects with TG levels of 1.70--2.25 mmol/L.[@CIT0030]

Over the past decade, there have been a lot of studies on the relationship between obesity, dyslipidemia, and vitamin D deficiency. The vitamin D deficiency was associated with obesity irrespective of age, latitude, cut-offs to define vitamin D deficiency, and the Human Development Index of the study location.[@CIT0031] Vitamin D deficiency was positively associated with both general and abdominal obesity.[@CIT0032] Serum 25(OH)D concentrations were also negatively associated with the risk of hypertriglyceridemia.[@CIT0033] Vitamin D deficiency in postmenopausal women was associated with a higher prevalence of hypertriglyceridemia.[@CIT0034] Low serum 25(OH)D levels are assocıated with hypertriglyceridemia in Turkish adult subjects.[@CIT0035]

Interestingly, the level of 25(OH)D only decreased in HTW phenotype in our study. Although the levels of TG were similar between solely high TG group and HTW phenotype, and the levels of WC were similar between solely enlarged WC group and HTW phenotype. The levels of 25(OH)D in solely high TG and enlarged WC group were similar to subjects with normal WC and high TG level.

This could be due to the visceral fat. Vitamin D insufficiency and deficiency was correlated with higher visceral adipose.[@CIT0036] Vitamin D supplementation contributes to a beneficial reduction of visceral adipose tissue (VAT).[@CIT0037],[@CIT0038] WC is a substitution of visceral adiposity in adults.[@CIT0039] But individuals with enlarged WC do not always have excess VAT, because the accumulation of adipose tissue can be subcutaneous. Among obese adults, Visceral Fat Amount was positively associated with serum TG level.[@CIT0040] The use of high serum levels of TG in combination with the high WC, strengthens the association with VAT. Subjects with HTW phenotype had significantly higher visceral fat compared with subjects with solely enlarged WC in type 2 diabetes, despite similar age, BMI, and WC.[@CIT0041] In other words, vitamin D deficiency can promote visceral fat accumulation. Visceral fat accumulation can cause abdominal obesity and hypertriglyceridemia at the same time.

Active vitamin D exerts its biologic functions by binding to vitamin D receptor (VDR). Several studies have reported an association between vitamin D deficiency, VDR polymorphism and metabolic syndrome.[@CIT0042]--[@CIT0044] Yu F et al, found that rs739837 was associated with TG accumulation in Chinese type 2 diabetes patients.[@CIT0045] Recently Sun H et al, reported that rs3847987 was also associated with elevated TG in the Chinese population.[@CIT0046] In the central-European population, allelic variants in VDR gene, FokI, and ApaI, are associated with reduced WC.[@CIT0047] The lack of significant differences between HTW patients with vitamin D insufficiency and HTW patients with vitamin D deficiency could be related to the presence of VDR polymorphisms. This may be due to a reduction of vitamin D signaling effectiveness in the presence of VDR polymorphisms.

However, there are limitations to our study. First, because of the cross-sectional design of this study, we could not identify the causal relationship between HTW phenotype and vitamin D deficiency. Second, almost 30% of individuals in vitamin D insufficiency had HTW phenotype. However, there was no statistical difference between vitamin D insufficiency and vitamin D sufficiency. Vitamin D insufficiency and vitamin D deficiency are very common. Vitamin D sufficiency as reference group was only 19 subjects (5.6%) in our study. We need a larger sample size to confirm the relationship between HTW phenotype and vitamin D insufficiency in the future. Third, the accuracy of vitamin D tests has a substantial impact on clinical estimates of the vitamin D status. The gold standard for this measurement is a liquid chromatography-tandem mass spectrometry (LC-MS/MS) method. The variability in 25(OH)D measurements was found both between-laboratories and between-assays.[@CIT0048]--[@CIT0051] The use of an ELISA method for 25(OH)D is a limitation of our study. Fourth, VAT was not measured in our study.

Conclusions {#S0006}
===========

In summary, there was a significant correlation between HTW phenotype and vitamin D deficiency in type 2 diabetes. Further work will be necessary to confirm whether vitamin D supplementation can prevent HTW phenotype.

Abbreviation list {#S0008}
=================

HTW phenotype, hypertriglyceridemic-waist phenotype; FHD, family history of diabetes; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; CR, creatinine; eGFR, estimate glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D; VAT, visceral adipose tissue; VDR, vitamin D receptor; LC-MS/MS, Liquid Chromatography-Tandem Mass Spectrometry.
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[^1]: **Notes:** Group A: Normal TG AND Normal WC; Group B: Normal TG AND Elevated WC; Group C: Elevated TG AND Normal WC; Group D: Elevated TG AND Elevated WC. A compared with Group A *P*\<0.05, B compared with Group B *P*\<0.05, C compared with Group C *P*\<0.05.

    **Abbreviations:** FHD, family history of diabetes; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; CR, creatinine; eGFR, estimate glomerular filtration rate; 25(OH)D, 25-hydroxyvitamin D.

[^2]: **Notes:** Model 1: univariate logistic regression analysis. Model 2: multiple logistic regression analysis, hypertriglyceridemic-waist phenotype was considered as the dependent variables in a multiple logistic regression analysis with sex, age, duration of diabetes, FHD, hypertension, smoking, drinking, BMI, FPG, HbA1c, HDL-C, ALT, eGFR, and vitamin D status as independent variables.

    **Abbreviations:** OR, odds ratio; CI, confidence interval; FHD, family history of diabetes; BMI, body mass index; FPG, fasting plasma glucose; HbA1c, glycosylated hemoglobin A1c; HDL-C, high-density lipoprotein cholesterol; ALT, alanine aminotransferase; eGFR, estimate glomerular filtration rate.
